.
Variation in spread among taxa is also a prominent feature of biological invasions, with some exotic species spreading rapidly across the landscape, whereas others advance more slowly (Py sek & Hulme, 2005) . A better understanding of species' relative migration capacity would be a useful addition to efforts to predict the composition of future ecological communities and the success of biological invasions.
Theory shows that the highest spread velocities can be expected for species combining far dispersal, high fecundity and a short time to maturity (Clark, 1998; Okubo & Levin, 1980; Skellam, 1951) . However, empirical evidence suggests that these traits are correlated across species, which greatly complicates predictions of which species spread fastest. Trees, for example, often mature late (which slows spread), but disperse their seeds to greater distances than do most herbaceous lifeforms (Cain, Damman, & Muir, 1998; Svenning & Sandel, 2013) , owing to greater height, well-developed dispersal structures (Venable & Levin, 1983 ) and a lower seed terminal velocity (Endels et al., 2007) . However, the vast majority of past studies have been based on categorical plant life histories (life-forms such as herbs and trees) or proxies of dispersal ability (seed dispersal mode or terminal velocity) only, and an exact quantification of relationships between the traits controlling spread across species with different life histories is still lacking. If dispersal, fecundity and time to maturity are indeed correlated across taxa and life-forms, the key question becomes, which observed combination of these traits spreads the fastest? For example, will an annual plant with early maturation, but moderate fecundity and dispersal advance its range more rapidly (or slowly) than a later-maturing shrub with greater fecundity and dispersal?
In principle, one can answer these questions with analyses of published spread velocities based on reconstructions of historical migrations, or with predicted spread velocities from models parameterized with contemporary demographic and dispersal information (Clark, Lewis, & Horvath, 2001; Lenoir et al., 2008; McLachlan, Clark, & Manos, 2005; Nathan, Horvitz, et al., 2011) . However, as explained in the next two paragraphs, applying either approach to many species, as required for comparative studies of spread capacity, is challenging because of the scarcity of relevant data.
Palynological and molecular studies of post-glacial expansion typically focus on temperate, wind-pollinated trees (Delcourt & Delcourt, 1987; McLachlan et al., 2005) ; much less is known about herbaceous species (Cain et al., 1998) or tropical plants. In contrast, recent distribution shifts driven by contemporary climate change have been described for many species, but can be difficult to compare across studies owing to differences in how these shifts were measured (as described by Lenoir & Svenning, 2015) . Finally, it is not clear how much the observed variation in historical migration rates across species is determined by their innate capacity to spread versus differences in their responses to other factors, such as climate forcing, habitat suitability or landscape fragmentation (Angert et al., 2011) .
Modelling approaches have also been used to predict the spread of different taxa. However, because the approach differs widely across species, the predicted spread rates are not directly comparable, as needed for a comparative study of spread velocity. Specifically, models such as individual-based simulations (Harris, Stanford, Edwards, Travis, & Park, 2011) , analytical integrodifference equations (Caplat, Nathan, & Buckley, 2012) , or a combination of both (Travis, Harris, Park, & Bullock, 2011) , can be field parameterized for individual species and often produce accurate forecasts of migration rates. However, they are usually restricted to one or a few species for which the extensive data needs are met (Urban et al., 2016) . Species distribution models (SDMs) present an alternative approach and can make predictions with comparable methods for a variety of species. However, in SDMs future ranges are forecast based on climatic tolerances (Guisan & Thuiller, 2005) , and the predicted ability of species to fill that future range tends to be based on separate estimates of migration ability (e.g., Iverson, Schwartz, & Prasad, 2004) , rather than spatial population dynamics (but see J.
Pagel Schurr et al., 2012) .
What is needed are modelling approaches that can be applied across a range of taxa, based on widely available data , to provide a standardized measure of species' spread capacity.
Such studies could forecast spread rates for a wider range of species than possible with the complex demographic models requiring intensive field parameterization (e.g., Jongejans et al., 2008) , while still taking into account species-specific demographic and dispersal rates. Indeed, Hemrov a, Bullock, Hooftman, White, and M€ unzbergov a (2017) recently incorporated demographic data and estimates of wind dispersal into mathematical models of population spread to predict the invasion velocity of 16 short-lived grassland herbs. Their finding that early maturation was associated with faster spread merits exploration across the full range of plant life histories, including annuals, perennials, shrubs and trees.
Here, we ask: (a) whether the major life history traits determining population spread (age at maturity, dispersal and fecundity) are correlated across species; (b) which observed association of these traits leads to the fastest spread; and (c) whether these correlations cause different plant life-forms (annual herbs, perennial herbs, shrubs and trees) to spread at different rates. To address these questions, we assessed the relationship between the three determinants of population spread for 80 plant species ranging widely in life-form, seed dispersal vector and geographical location, controlling for phylogenetic relatedness. We then incorporated these values into a stochastic model of population spread to present a standardized estimate of spread velocity as a function of plant species life history.
| M E TH ODS
2.1 | Quantifying species' seed dispersal, age at maturity and fecundity
We obtained quantitative measures of dispersal, fecundity and time to maturity from the literature, in metrics suitable for the parameterization of population spread models. Although plant functional traits such as height (Tackenberg, Poschlod, & Bonn, 2003) and seed size (Cappuccino, Mackay, & Eisner, 2002 ) also affect spread velocity, they have only an indirect impact, through their effects on these three parameters. We therefore focused our study on dispersal, fecundity and time to maturity.
We used key reviews containing dispersal data (Vittoz & Engler, 2007; Willson, 1993) and the TRY database (Kattge et al., 2011) to identify species for inclusion, because dispersal data are the least frequently reported in the literature. Trait values for each species were assumed to be spatially and temporally invariant, although we acknowledge that these values will vary to some extent with environmental conditions.
| Seed dispersal
Dispersal data came from studies reporting the distribution of seeds dispersed to increasing distances from a parent plant (the seed shadow, or occasionally seedling shadow), measured in field or laboratory conditions. Dispersal estimates for 43 of the 80 species in our analysis came from Willson (1993) , who fitted negative exponential kernels to seed shadows from the literature. We fitted negative exponential kernels in R (R Core Team, 2017) for an additional 37 species, whose seed shadows were obtained from the TRY database (Kattge et al., 2011) and other literature sources (see Supporting Information Appendix S1 for all data entries with data sources). Notably, we used seed shadows rather than mean dispersal distances, even though the latter are more frequently reported in the literature. Given that the mean dispersal distance depends not only on the shape of the dispersal kernel, but also on the number of seeds dispersed, dispersal kernels are a more suitable metric to compare dispersal and fecundity independently across species.
Following Willson (1993) , we fitted a linear regression of the form ln(y) 5 2mx 1 b, where y is the number of seeds dispersed to distance x from the parent plant, from the mode of the seed shadow outwards, dropping all zero seed arrival values before analysis. The slope parameter m describes the rate of decrease in dispersal with distance from the parent and was used as a measure of dispersal ability comparable across species. Lower values of m result in more gradual dispersal kernels, hence further dispersal of seeds. Fitting from the mode outward (which was nearly always close to the parent plant) had almost no effect on the estimate of m, relative to fitting through all points (Spearman's q 5 .94 between the two metrics). We imposed a minimal R 2 of
.20 for inclusion in our subsequent analyses. When multiple studies of seed shadows were available for a single species, we used the geometric mean m value. In cases where one species had several seed dispersal vectors, we analysed the seed shadow only for the most effective dispersal mechanism (i.e., the mechanism with the lowest m).
It should be noted that rare long-distance dispersal events were unlikely to be captured in our data sources, because the longest dispersal distance measured depended on the furthest distance surveyed (Ellstrand, 2014) . Moreover, experiments are usually designed to capture seed dispersal by the main dispersal vector, but seeds may simultaneously be dispersed through multiple non-standard dispersal mechanisms (Chambers & MacMahon, 1994; Higgins, Nathan, & Cain, 2003) .
For example, small seeds that are assumed to be dispersed by wind may also attach to the fur of animals or be transported over long distances via water or human transport corridors. As a consequence, the relationship between short-distance dispersal by the main dispersal vector and the probability of long-distance dispersal events may be poor (Higgins et al., 2003) . Although fat-tailed dispersal kernels may be more accurate than negative exponential kernels for some species with a high probability of long-distance dispersal (Clark, Silman, Kern, Macklin, & HilleRisLambers, 1999) , the need for more spatially extensive data would have further restricted the number of species that could be included in this study. We therefore used a negative exponential dispersal kernel for all species, to allow for consistent predictions of spread velocity that are comparable across taxa. We used the criterion of a minimal R 2 of .20 to ensure that this type of kernel was a feasible representation of the empirical data.
| Demography: Age at maturity and fecundity
For each species, we obtained measures of age at maturity (average age at which an individual first produces seeds) and fecundity (annual per individual seed production) from the literature, trait databases and directly from the authors (Supporting Information Appendix S1). In contrast to Hemrov a et al. (2017), who incorporated complete demography estimated from matrix population models, we focused on only two demographic traits: age at maturity and fecundity, rates which are widely available in the literature. Nonetheless, our use of these data requires several assumptions. Specifically, we assumed that species' fecundity at maturation was equal to their eventual fecundity, and we ignored germination failure or seedling mortality (owing to the absence of data in most cases). Estimates from multiple sources or environments were averaged. For age at maturity, if only the minimum and maximum were reported, we used an average of the two.
Our final data set included 80 species from 35 families and 64 genera (Supporting Information Appendix S1, Table S1 ).
| Predicting species' spread velocity
To understand which observed combination of traits leads to the fastest spread, we predicted each species' spread velocity based on their dispersal ability (the rate parameter m), fecundity (N seeds) and age at maturity (g years). We used the discrete time, stochastic model of population spread along a linear habitat developed by Clark et al. (2001) .
Spread is modelled as a series of advances made by the leading individual in the population. Each advance is the distance travelled by the furthest dispersed seed produced by the parent. Each generation of spread reflects a different finite sample of the dispersal kernel, and the spread velocity becomes the average displacement of the leading individual, scaled by the time to maturity (Clark et al., 2001 ).
To estimate the spread velocity with this model structure, we simulated the dispersal of N seeds produced by the leading individual, by sampling N times from a negative exponential dispersal kernel with rate parameter m, assuming an equal probability of moving forwards or backwards. This generates a distribution of distances the N seeds dispersed, the furthest forward of which describes the advance of the population in that generation. We repeated this procedure 10,000 times and calculated the mean displacement of the furthest dispersed seed, which when divided by the age at maturity gives the predicted spread velocity in metres per year (see Supporting Information
Appendix S2 for a worked out example).
One of the advantages of the Clark et al. (2001) model is that it incorporates the finite nature of individuals in populations. It should be noted that, as in any simple model of spread, the velocities predicted may not accurately reflect the advance of these species in their real landscapes, because the model makes simplifying assumptions, such as the absence of Allee effects, interspecific competition and stochasticity in seed production. Importantly, species are assumed to spread into continuously favourable habitat. Although we acknowledge that the realized spread velocity of species depends on the availability of suitable habitat as well as species' dispersal and life history traits (Jordan, 2001; Pachepsky & Levine, 2011; Worth et al., 2017) , species-specific habitat preferences were outside the scope of the present study.
Rather, we use the model to generate a standardized measure of spread potential that compares intrinsic migration ability across diverse taxa based on readily available trait data.
| Statistical analysis
We first evaluated the relationship between age at maturity, dispersal (the rate parameter m) and fecundity across the 80 species using linear regression. We then evaluated the relationship between each of these traits and the spread velocity, by regressing the predicted spread velocity against age at maturity, fecundity or dispersal. All variables were log 10 -transformed before analysis. We conducted univariate regressions rather than a multiple regression because we aimed to quantify the relationship between the spread velocity and each predictor variable, given their observed correlation with the other two. In other words, although the theoretical relationship between any one trait and the predicted spread velocity was embedded in our model, the associa- In all analyses, we corrected for the effect of phylogenetic nonindependence on the relationships between variables (full methods in Supporting Information Appendix S3), because closely related taxa might share similar traits simply by virtue of their shared evolutionary history. We first constructed a phylogenetic hypothesis of the evolutionary relationships among our taxa. We assembled a backbone phylogeny with Phylomatic (Webb & Donoghue, 2005) using Phylomatic megatree R20120829 for plants, which is based on the Angiosperm Phylogeny Group base tree (Stevens, 2001; Webb & Donoghue, 2005) .
Polytomies (i.e., nodes in the tree with more than two descendent lineages) were resolved following the literature concerning specific families or genera (Supporting Information Appendix S3). We then used phylogenetic least squares (PGLS) regression for each relationship described in the previous paragraph (Felsenstein, 1985; Revell, 2010) . Following
Revell ( Finally, we grouped all species by plant life-form [annual herb (n 5 17), perennial herb (n 5 33), shrub (n 5 5) or tree (n 5 25)] and tested whether these life-forms differed in their predicted spread velocity (phylogenetically explicit ANOVA). For all life-form groups except shrubs, we also investigated the correlations between age at maturity, dispersal and fecundity, and between each trait and the spread velocity. We analysed these correlations separately, instead of incorporating life-form as a factor in our regression analyses, because annuals do not vary in age at maturity, and our data set contained only five shrub species. We used Kendall's s rank correlation to analyse the within-life-form relationships between traits. The uneven distribution of species per life-form across the phylogeny (especially trees, consisting of gymnosperm conifers and angiosperm broad-leaved species) did not allow us to use a phylogenetic regression as previously. We used non-parametric statistics rather than linear regression owing to the distribution of our data within life-form. The p-values for Kendall's s were approximated with a correction for tied values (Kendall package; Kendall, 1976; McLeod, 2011) , and 95% confidence intervals were computed using the NSM3 package in R (Hollander, Wolfe, & Chicken, 2014; Schneider, Chicken, & Becvarik, 2015) .
| R ESU L TS
We found that across the 80 plant species, age at maturity, which slows spread, was positively associated with the two traits accelerating spread, namely dispersal and fecundity (Figure 1a,b) . The association between age at maturity and dispersal (slope 5 1.01, F 1,78 5 46.7, p < .001; Figure 1a ) was far stronger than the association between age at maturity and fecundity (slope 5 0.69, F 1,78 5 6.74, p 5 .01; Figure 1b) and was consistent across seed dispersal vectors (Supporting Information Appendix S4) and across species with or without naturalized populations outside their native range (Supporting Information Appendix S5).
Fecundity and dispersal, both of which increase spread, were positively associated (slope 5 0.26, F 1,78 5 18.8, p < .001; Figure 1c ). In contrast, there was no significant correlation between age at maturity, dispersal or fecundity within plant life-forms ( Table 1 ), indicating that the significant cross-species correlations were driven by relationships between more than within life-forms. Overall, the species in our data set lie along a continuum of traits relevant to spread, with annual herbs, perennial herbs, shrubs and trees roughly sorting along the age-at-maturity axis.
At one end of this life history continuum are species that mature early but usually have limited dispersal and fecundity, whereas at the other end are species that take a long time to mature but produce more and better-dispersed seeds.
As a result of these associations between traits, there was no significant relationship between age at maturity and predicted spread velocity (F 1,78 5 0.45, p 5 .50; Figure 2a ), meaning that species across the age-at-maturity gradient were predicted to spread at similar rates (median predicted spread velocity 5.28 m year
21
; Figure 2a ). This result is in contrast with what we would expect in the absence of betweenspecies correlations in demography and dispersal (dashed line in Figure 2a ; predicted spread velocity if dispersal and fecundity are set to the cross-species median). Thus, the absence of a relationship between age at maturity and predicted spread velocity is caused by the positive association between age at maturity and both dispersal and fecundity (Figure 1b,c) . We did find a negative correlation between age at maturity and spread within the perennial herbs (Table 1) , but this pattern was overwhelmed by the between-life-form differences in the analysis of all species.
Across all species, dispersal and fecundity were positively related to the spread velocity (slope 5 0.76, F 1,78 5 146.5 and slope 5 0.95, F 1,78 5 48.6, respectively, p < .001; Figure 2b ,c). These relationships were far less affected by the correlated nature of dispersal, fecundity and age at maturity, lying closer to the relationship predicted in the absence of any associations between these traits (Figure 2b,c) . These positive relationships were also generally significant within life-forms (Table 1) .
Most relationships were phylogenetically independent (Supporting Information Table S2 ), although for the relationships between dispersal and fecundity ( Figure 1c ) and between dispersal and spread velocity (Figure 2b ) a model incorporating phylogenetic signal provided a better fit than a model assuming phylogenetic independence (Supporting Information Table S2 ). Finally, we note the large variance in predicted spread velocity among species, with predictions ranging from 0.11 to 402 m year 21 (Figure 2 ). Despite the correlations between the spreadrelated traits shown in Figure 1 , some species do combine high dispersal and early maturation and, as would be expected, these spread the fastest.
Despite the absence of an association between age at maturity and spread velocity across all 80 species, we found that when species were grouped by life-form, these differed in their predicted spread velocity [F 3,76 5 3.29, p 5 .025, k 5 .27 (not significantly different from zero)].
Specifically, trees were predicted to spread faster than both annual and perennial herbs (Figure 3 ). The spread velocities of annual herbs, perennial herbs and shrubs were not significantly different from each other.
| D I SCUSSION
We found that the three life history traits regulating spread (dispersal, fecundity and age at maturity) are strongly associated across 80 plant species from a wide range of taxa, life-forms and geographical regions.
One result of these associations is that species varying vastly in their maturation time are predicted to spread at similar velocities. Although late-maturing species benefit from better dispersal and, to a much lesser extent, greater annual fecundity, species that mature early compensate with their short generation time.
Most of the patterns that we observed were driven by relationships between rather than within life-forms. Although across all taxa, age at maturity was positively correlated with dispersal ( Figure 1a) , we found no such correlation within life-form groups (Table 1) . One consequence of this is that later-maturing perennial herbs were predicted to spread more slowly than those with a shorter generation time and similar dispersal (Table 1) , a result which matches that of Hemrov a et al.
(2017) for dry-grassland herbs. They found that early-maturing herbs were predicted to spread fastest, which is expected if early maturation is not associated with a dispersal disadvantage. The five species predicted to spread the fastest in our study [the herbs Tussilago farfara (coltsfoot), Cirsium vulgare (common thistle) and Carduus nutans (musk thistle), the shrub Calluna vulgaris (heather) and the tree Melaleuca quinquenervia (paperbark tree)] combine early maturation, high dispersal and moderate to high fecundity, which are traits favourable for spread.
Perhaps not incidentally, all of these species have naturalized populations outside their native range (Supporting Information Appendix S5). Based on the lack of relationship between age at maturity and spread, one would predict that annual herbs, perennial herbs, shrubs and trees would all spread at comparable rates. Yet, when we grouped our taxa by life-form, we found that trees spread faster on average than herbaceous annuals or perennials (Figure 3) . The reason for this discrepancy is that herbaceous perennials are disproportionately represented among the slowest spreading, late-maturing taxa (with trees making up the faster-spreading late-maturing taxa; Figure 2a ). Thus, singling out trees in a life-form-based analysis reveals the faster spread of this late-maturing group. To put it another way, the dispersal and fecundity traits of trees better compensate for their late maturation than do those of late-maturing herbs.
| Key assumptions
Our analysis is based on the premise that we need a consistent modelling approach for projecting spread across species if these predictions are then to be used in a comparative analysis. For this reason, and because of the limited availability of data in the literature, our spread velocity predictions necessarily ignore some dispersal and demographic processes. Nonetheless, although the excluded factors should affect the absolute spread velocity of species, it is not clear that they should disproportionately affect early-or late-maturing taxa, hence the slope of the relationship between maturation time and spread velocity shown in Figure 2a .
For example, the inclusion of rare long-distance dispersal events would increase absolute spread velocities across all taxa. Non-standard mechanisms of dispersal could assist the long-distance dispersal of seeds from both herbaceous and woody species, via mechanisms that operate independently of seed morphology (Higgins et al., 2003) . If seeds are dispersed over long distances, the realized spread velocity of species may depend more strongly on the availability of suitable habitat than on species' intrinsic capacity to migrate based on their dispersal and life history traits, as explored here (Worth et al., 2017) . Possible variation among species in their establishment rates in different habitats therefore adds considerable uncertainty to our model-based projections of spread. Moreover, in a climate change context, we expect habitat suitability to change over time, further complicating the projection of realized spread. For example, taxa that spread more slowly than their shifting climate envelope may encounter less favourable environmental conditions in the future, which could strongly decrease their rate of spread. For our comparative study of species' intrinsic spread capacity, it is most important to consider how changing habitat suitability under climate change affects taxa with different life history and dispersal traits. Our expectation is that this effect would be rather ideosynchratic and therefore add further noise to the relationships between these traits and the spread velocity, making it even more difficult to use individual traits to predict spread.
In addition to habitat suitability, climate change may also affect dispersal, fecundity and age at maturity of individual species. Changes in air temperature and wind speed affect dispersal (Bullock et al., 2012; Kuparinen, Katul, Nathan, & Schurr, 2009; Nathan, Horvitz, et al., 2011; , and rising temparatures and CO 2 concentrations could increase fecundity (Hampe, 2011; Ladeau & Clark, 2006a; and advance maturation (Ladeau & Clark, 2006b) . However, the quantitative effect of climate change on absolute population spread rates is expected to be moderate Soons, Nathan, & Katul, 2004) , and we have no indication that these factors should differentially affect early-versus latematuring species, hence our qualitative conclusions.
Other assumptions could have a larger effect on some plant lifeforms than others. Land-use change is expected to cause increasing habitat fragmentation in the future (Fischlin et al., 2007) , which may affect species with animal-dispersed seeds in particular (Herrera, de S a Teixeira, Rodríguez-P erez, & Mira, 2016) . Late-maturing species with well-dispersed seeds might be expected to overcome gaps between suitable habitat more easily than their short-lived counterparts with poorer dispersal, meaning that their relative spread capacity in fragmented landscapes may be underestimated. In contrast, our (Kendall, 1976) . Bold values indicate correlations for which p < .05.
assumptions that plants reach full fecundity at maturation and that fecundity is not reduced owing to germination failure or seedling mortality may have disproportionately elevated the spread velocity of latematuring species, given that these species have a longer period of vulnerability between germination and maturity.
In sum, some of our data constraints and assumptions are likely to favour the spread of early-maturing taxa, whereas others are likely to favour late-maturing taxa, with the net effect difficult to assess.
Despite these assumptions and limits to the data available, our estimates of species' intrinsic spread capacity produce associations between life history and spread qualitatively consistent with those based on observations of historical migration rates, as we detail in the next section.
| Comparison to historical migration rates
As with our model-based analysis, available historical migration rates for plants do not provide clear evidence for the superior migration ability of species with particular life history strategies. Distribution shifts in response to recent climate change have been documented for both herbaceous and woody species, especially along elevational gradients in mountain ecosystems. Upslope expansion rates reported across studies show considerable overlap between herbaceous (2-90 m per decade; Holzinger, H€ ulber, Camenisch, & Grabherr, 2007; Le Roux & McGeoch, 2008; Lenoir et al., 2008; Parolo & Rossi, 2008; Speed, Austrheim, Hester, & Mysterud, 2012; Walther, Beißner, & Burga, 2005) and woody plants (24-65 m per decade; Beckage et al., 2008; Kelly & Goulden, 2008; Kullman, 2002; Lenoir et al., 2008) . Likewise, studies including both types of species have found equal (Felde, Kapfer, & Grytnes, 2012 ; unpublished analysis of data from Telwala, Brook, Manish, & Pandit, 2013) or larger (Lenoir et al., 2008; Pucko, Beckage, Perkins, & Keeton, 2011) shifts in altitudinal range for herbs and grasses in comparison to shrubs and trees. Individual studies thus report a variety of spread velocities, which when taken together overlap considerably between life-forms.
Although differences in methodology (Lenoir & Svenning, 2015) , 
FIG URE 2
Predicted spread velocities along (a) an age-at-maturity gradient, (b) a dispersal gradient and (c) a fecundity gradient (log 10 scale). As in Figure 1 , colours indicate plant life-forms, and continuous lines and statistics represent PGLS results. Dashed lines represent our theoretical expectations of the relationships, predicting the spread velocity considering the variation in one trait only, while the other two traits are set equal for all species (to the median of the data set). Species along an age-at-maturity gradient did not significantly differ in their predicted spread velocity (continuous line in a), deviating strongly from the theoretical expectation that age at maturity by itself has a negative effect on spread (dashed line in a) FIGUR E 3 Distribution of predicted spread velocities (log 10 scale) for annual herbs (n 5 17), perennial herbs (n 5 33), shrubs (n 5 5) and trees (n 5 25). Horizontal lines indicate the back-transformed mean logged spread velocity. Life-forms that do not share letters spread at significantly different rates (phylogenetically explicit t tests on log 10 -transformed data, a 5 .05); trees spread significantly faster than annual herbs (t 5 23.04, p 5 .003) and perennial herbs (t 5 22.43, p 5 .017) (Figure 3) , in correspondence to the overlapping ranges of migration rates reported for herbaceous and woody species. One difference between the approaches is that the historical migration rates represent the realized spread of species in habitat of a certain quality over a certain time period, whereas our trait-based predictions generate an intrinsic migration capacity of species in a continuously favourable landscape. Combined, these results suggest that different plant lifeforms along an age-at-maturity gradient may truly have equivalent migration capacities, arising from correlations among the traits controlling spread.
| Predicting the spread velocity of species in the future
With global climate change, ecologists have increasing need to forecast the range dynamics of many species, and using categorical life-forms or single plant traits as proxies for the spread velocity is a potentially tantalizing option (Hemrov a et al., 2017) . However, based on the correlations between traits controlling spread, determining where species fall within this correlated suite of traits may be a more effective way to predict relative spread velocities (Estrada, Morales-Castilla, Caplat, & Early, 2016) . We would expect, for example, relatively high spread velocities for species lying above the fitted relationship between age at maturity and dispersal in Figure 1a . A similar approach, applied to many taxa, and in combination with species distribution models, might help to forecast the extent to which species can spread into newly available habitat and the composition of future no-analogue communities. Additionally, knowledge about trait correlations not only explains why individual traits may correlate poorly with observed spread velocities (Angert et al., 2011) , but can also be used to infer missing trait information (Santini et al., 2016) . Ultimately, more precise predictions of spread velocities will require species-level estimates of demography and dispersal, an increasingly feasible prospect with the rapid growth of trait databases (Kattge et al., 2011) .
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